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Abstract 
During their operation, modern aircraft engine components are subjected to increasingly demanding operating conditions, 
especially the high pressure turbine (HPT) blades. Such conditions cause these parts to undergo different types of time-dependent 
degradation, one of which is creep. A model using the finite element method (FEM) was developed, in order to be able to predict 
the creep behaviour of HPT blades. Flight data records (FDR) for a specific aircraft, provided by a commercial aviation 
company, were used to obtain thermal and mechanical data for three different flight cycles. In order to create the 3D model 
needed for the FEM analysis, a HPT blade scrap was scanned, and its chemical composition and material properties were 
obtained. The data that was gathered was fed into the FEM model and different simulations were run, first with a simplified 3D 
rectangular block shape, in order to better establish the model, and then with the real 3D mesh obtained from the blade scrap. The 
overall expected behaviour in terms of displacement was observed, in particular at the trailing edge of the blade. Therefore such a 
model can be useful in the goal of predicting turbine blade life, given a set of FDR data. 
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Abstract 
Determination of tearing resistance of heterogeneous dissimilar metal welds (DMW) that are critical structures of pipes in nuclear 
power plants (NPPs) is important in assessment of the structural integrity. Currently, tearing resistance of heterogeneous 
materials is determined by standards developed for homogeneous materials. The fracture behaviour of heterogeneous materials 
differs from fracture behaviour of homogeneous materials. Thus standards developed for homogeneous materials are not 
neces a y directly applicable to heterogeneous materials. To develop a standard for heterogeneous materials the current level of 
knowledge of fracture behaviour in heterogeneous specimens needs to be increased. To enhance the knowledge of fracture in 
heterogeneous mat rials tearing resistance of 10ൈ10ൈ ͷͷ mm3 nd 10ൈ20ൈ ͳͲͲ mm3 single edge be d (SE(B)) specimens 
extracted from a NPP ferrite-austenite DMW were measured. The specimens were extracted at three different crack locations in a 
region close to the fusion line between ferritic steel and weld metal of the DMW. As tearing resistance curves of the two 
specimen geometries are compared toughness and scatter varies, which can be explained by differing crack location with respect 
to the fusion line. However, the effect of crack location on tearing resistance was not microstructurally quantified, but the 
qualitative analysis of crack location done in this work implies that a standard developed for heterogeneous materials shall 
contain guidelines on characterisation of crack location. 
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1. Introduction 
Currently, tearing resistance of heterogeneous materials is determined by standards developed for homogeneous 
materials (E1820-13 2013). Standards developed for homogeneous materials are not necessary directly applicable to 
heterogeneous materials. An important structure that would benefit of a tearing resistance standard for 
heterogeneous material is the dissimilar metal welds (DMWs) of nuclear power plants. DMWs connect the ferritic 
reactor pressure vessel (RPV) to austenitic piping. These welds are susceptible to cracks and contain fracture 
mechanically the weakest locations of the piping (Wang et al. 2013, Samal et al. 2011). Characterisation of tearing 
resistance of these weak regions of DMWs is, thus, highly important for assessment of structural integrity.  
The weak interface regions of DMWs are highly heterogeneous consisting of the base metal, weld and narrow 
microstructural zones that are developed during the welding. The different material zones can have varying 
mechanical and fracture mechanical properties compared to the adjacent zones or bulk material (Wang 2013, Fan et 
al. 2016). The tearing resistance measurements are affected by the location of the initial crack. A microstructurally 
small change in initial crack can change the tearing resistance drastically. Therefore, a standard for fracture 
mechanical characterisation of heterogeneous materials is needed. 
 
Nomenclature 
a0 Initial crack 
DMW  Dissimilar metal weld 
FL Crack on the fusion line 
FL+0,5 Crack in HAZ, 0,5 mm from fusion line 
FL-0,5 Crack in weld, 0,5 mm from fusion line 
HAZ Heat affected zone 
NIZ Near interface zone 
NPP Nuclear power plant 
SE(B) Single edge bend specimen  
 
To develop a standard for the heterogeneous interface of DMWs and more generally for heterogeneous structures 
the current level of knowledge of fracture behaviour in these types of structures needs to be increased. In order to 
enhance the knowledge tearing resistance of 10�10� �� mm3 and 10�20� �00 mm3 single edge bend (SE(B)) 
specimens extracted from a narrow gap DMW mock-up was measured. The DMW mock-up consists of ferritic steel 
18MND5, austenitic 316L and a nickel-base weld, Alloy 52. The specimens were extracted at three different crack 
locations within a distance of 0,5 mm from the fusion line between 18MND5 and Alloy 52. The tearing resistance 
curves of the two specimen geometries are compared and recommendations are given considering fracture 
mechanical characterisation of DMWs. 
2. Materials and methods 
A narrow gap DMW mock-up consisting of ferritic base metal 18MND5 and austenitic base metal 316L, and 
nickel-base weld metal Alloy 52 (Fig. 1) was manufactured for mechanical characterization by AREVA. The weld 
consists of two beds per layer and the weld is 14 mm wide. A post weld heat treatment (PWHT) was carried out 
between 595 and 620°C for 3 hours. (Ait-Bachir et al. 2015) 
From the narrow gap mock-up sections were cut with electro-discharge wire cutting (EDWC). From these 
sections six single edge bend specimens with nominal thickness of 10 mm, width 20 mm and length 100 mm (�0 �
20 (SE(B)) and 14 SE(B) specimens with nominal thickness of 10 mm, width 10 mm and length 55 mm (10�10 
(SE(B)) were extracted.  
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Fig. 1. A narrow gap DMW was investigated. Initial cracks were manufactured at three different locations. 
Tearing resistance is measured at three locations in the interface region of 18MND5 and Alloy 52, the crack 
locations are manufactured into the same location for both the SE(B) ͳͲ ൈ ʹͲ and SE(B) ͳͲ ൈ ͳͲ specimens (Fig. 
1). For one set of specimens the initial crack is manufactured in heat affected zone (HAZ) of ferritic 18MND5 
(FL+0,5), for another set at the fusion line (FL), and thirdly, in weld metal Alloy 52 (FL-0,5). For FL+0,5 and FL-
0,5 locations the nominal distance between the plane of initial crack and the fusion line is 0,5 mm. The initial cracks 
are parallel to the fusion line. Nominal locations of initial cracks are described in table 1 and 2 along with specimen 
identification code (ID) and information of the nominal fracture initiation location. 
     Table 1. Specimen matrix of SE(B) 10×20 specimens. 
Specimen type & nominal 
size (B×W×L) 
Crack location; material Specimen series ID & 
number of specimens 
Specimen ID 
SE(B) &                               
10×20×100 mm3 
Fusion line; 18MND5/Alloy 
52  
10×20 SE(B) FL &                 
2 
SE(B) 10×20 FL A                 
SE(B) 10×20 FL B 
SE(B) &                               
10×20×100 mm3 
0,5 mm from fusion line;   
Alloy 52 NIZ 
10×20 SE(B) FL-0,5 &             
2 
SE(B) 10×20 FL-0,5 A        
SE(B) 10×20 FL-0,5 B 
SE(B) &                               
10×20×100 mm3 
0,5 mm from fusion line; 
18MND5 HAZ 
10×20 SE(B) FL+0,5 &             
2 
SE(B) 10×20 FL+0,5 A        
SE(B) 10×20 FL+0,5 B 
 
The 10x20 and 10x10 SE(B) specimens extracted from the narrow gap mock-up were manufactured according to 
ASTM E1820. The specimens were side-grooved (thickness reduction 20 %), and the initial crack length (a0) was 
grown to an a0/w ratio of 0,5 by fatigue loading. The test temperature was 26 °C. The specimens were heat tinted 
after the measurement. 
2.1. Tearing resistance measurements and analyses 
Tearing resistance of the precracked SE(B) specimens were measured according to resistance curve procedures 
using unloading compliance method from ASTM E1820 – 13 (E1820-13 2013). The SE(B) specimens were loaded 
in three-point bending (3PB) to induce stable crack extension. During the measurements the applied load and the 
crack mouth opening displacement (CMOD) were measured. The specimens were loaded in MTS’ universal servo 
hydraulic testing machine and CMOD was measured with displacement gauge MTS 632.03F with a measurement 
range of 4 mm.  
For analyses of the load and CMOD data procedures and equations defined in ASTM E1820 – 13 were used. 
Tearing resistance and crack extension was determined according to annex A1 in ASTM E1820 – 13. From the 
tearing resistance and crack extension results J-R curves were established. In analyses of J-R curves annex A8 and 
A9 in ASTM E1820 – 13 was followed. An average blunting line adjusted to the calculated J-R curves of specimens 
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with same geometry and crack location was used. The equations for the blunting lines are given in table 3 and 4, 
where σY is flow stress of base metal 18MND5 (580 MPa) and Δa is crack extension. 
Table 2. Specimen matrix of 10×10 SE(B) specimens. 
Specimen type & nominal 
size (B×W×L) 
Crack location; material Specimen series ID & number 
of specimens 
Specimen ID 
SE(B) &                               
10×10×55 mm3 
Fusion line; 18MND5/Alloy 
52  
10×20 SE(B) FL &                 
4 
SE(B) 10×10 FL A                 
SE(B) 10×10 FL C               
SE(B) 10×10 FL E              
SE(B) 10×10 FL F 
SE(B) &                               
10×10×55 mm3 
0,5 mm from fusion line; 
Alloy 52 NIZ 
10×20 SE(B) FL-0,5 &                
5 
SE(B) 10×10 FL-0,5 B1        
SE(B) 10×10 FL-0,5 B2      
SE(B) 10×10 FL-0,5 D        
SE(B) 10×10 FL-0,5 F         
SE(B) 10×10 FL-0,5 G 
SE(B) &                               
10×10×55 mm3 
0,5 mm from fusion line; 
18MND5 HAZ 
10×20 SE(B) FL+0,5 &               
5 
SE(B) 10×10 FL+0,5 A         
SE(B) 10×10 FL+0,5 C       
SE(B) 10×10 FL+0,5 D       
SE(B) 10×10 FL+0,5 E        
SE(B) 10×10 FL+0,5 G 
3. Results 
3.1. Tearing resistance curves of the 10×20 SE(B) specimens 
The J-R curves of the 10ൈ20 SE(B) specimens in Fig. 2 are continuously increasing tearing resistance curves. A 
common power law equation was fitted to the data of specimens with initial crack nominally in same location. More 
specifically, the fitting was done to the data between exclusion lines of 0,15 mm and 1,5 mm. The fitted power law 
equation corresponds to the tearing resistance in that region. 
 
 
Fig. 2. Tearing resistance of the 10×20 SE(B) specimens with varying crack location. 
In table 3, location specific initiation fracture toughness and power law parameters are summarised. Tearing 
resistance is largest for 10ൈ20 SE(B) specimens with crack location FL-0,5 and tearing resistance is at 1 mm 1519 
kJ/m2 and initiation toughness (JQ) is 1067 kJ/m2. The 10ൈ20 SE(B) FL+0,5 specimens have the second highest 
toughness. The tearing resistance at 1 mm is 951 kJ/m2 and JQ is 706 kJ/m2. For 10ൈ20 SE(B) FL specimens the 
tearing resistance is 654 kJ/m2 at 1 mm and JQ is 349  kJ/m2. 
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3.2. Tearing resistance curves of the 10×10 SE(B) specimens 
For the 10ൈ ͳ0 SE(B) specimens with initial crack at the fusion line (FL) (Fig. 3 (a)) and in the weld (FL-0,5) 
(Fig. 3 (b)) only the fracture initiation toughness was measured. For the specimens with crack in the HAZ (FL+0,5) 
(Fig. 4) rising fracture tearing resistance curves were measured. The data points that are used to fit the power law 
equation is coloured to red.  
     Table 3. Parameters for the power law equations of 10×20 SE(B) specimens with varying crack location. 
  
Material Crack location; J = M×σY×Δa J = J1mm×Δam 
 Specimen ID M J1mm [kJ/m2] m JQ [kJ/m2] 
18MND5/ 
Alloy 52  
Fusion line;                                 
10×20 SE(B) FL  
4 654 0,614 349 
Alloy 52 NIZ 0,5 mm from fusion line;             
10×20 SE(B) FL-0,5 
6 1519 0,519 1067 
18MND5 HAZ 0,5 mm from fusion line;            
10×20 SE(B) FL+0,5  
6 951 0,337 706 
 
The fitting of the power law equation to the data of 10×10 SE(B) specimens with cracks in location FL in Fig. 3 
(a) is done by using the data exceeding the exclusion line of 0,15 mm. Only the data from specimens FL A and FL E 
is used, because for the two other specimens (FL C and FL F) an untypical change in the slope of the J-R curves 
occurs after 0,2 mm.  
 
 
Fig. 3. Nominally the initial crack of the specimens is manufactured (a) on the fusion line; (b) in the weld. 
In Fig. 3 (a) the dashed lines are power law solution of the 10×20 SE(B) specimens with crack at the fusion line 
and in the weld. The results of the 10×10 FL specimens are closer to the power law equation of the 10×20 specimen 
with crack in location FL-0,5.  
Fitting of the power law equation in Fig. 3 (b) is done by using the data exceeding the exclusion line of 0,15 mm. 
Only the data from specimens FL-0,5 B2 and FL-0,5 D is used for fitting of the power law, because these two 
specimens have almost equal tearing resistance that can be considered an average of adjacent curves. In Fig. 3 (b) 
the power law solution for the 10×20 SE(B) specimens with crack in FL-0,5 is plotted for comparison. Specimen 
FL-0,5 B1 follows the tearing resistance of 10×20 SE(B) FL-0,5 specimens. The other curves of the 10×10 FL-0,5 
specimens differ from the power law equation of the 10×20 FL-0,5 specimens.  
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Material Crack location; J = M×σY×Δa J = J1mm×Δam 
 Specimen ID M J1mm [kJ/m2] m JQ [kJ/m2] 
18MND5/ 
Alloy 52  
Fusion line;                                 
10×20 SE(B) FL  
4 654 0,614 349 
Alloy 52 NIZ 0,5 mm from fusion line;             
10×20 SE(B) FL-0,5 
6 1519 0,519 1067 
18MND5 HAZ 0,5 mm from fusion line;            
10×20 SE(B) FL+0,5  
6 951 0,337 706 
 
The fitting of the power law equation to the data of 10×10 SE(B) specimens with cracks in location FL in Fig. 3 
(a) is done by using the data exceeding the exclusion line of 0,15 mm. Only the data from specimens FL A and FL E 
is used, because for the two other specimens (FL C and FL F) an untypical change in the slope of the J-R curves 
occurs after 0,2 mm.  
 
 
Fig. 3. Nominally the initial crack of the specimens is manufactured (a) on the fusion line; (b) in the weld. 
In Fig. 3 (a) the dashed lines are power law solution of the 10×20 SE(B) specimens with crack at the fusion line 
and in the weld. The results of the 10×10 FL specimens are closer to the power law equation of the 10×20 specimen 
with crack in location FL-0,5.  
Fitting of the power law equation in Fig. 3 (b) is done by using the data exceeding the exclusion line of 0,15 mm. 
Only the data from specimens FL-0,5 B2 and FL-0,5 D is used for fitting of the power law, because these two 
specimens have almost equal tearing resistance that can be considered an average of adjacent curves. In Fig. 3 (b) 
the power law solution for the 10×20 SE(B) specimens with crack in FL-0,5 is plotted for comparison. Specimen 
FL-0,5 B1 follows the tearing resistance of 10×20 SE(B) FL-0,5 specimens. The other curves of the 10×10 FL-0,5 
specimens differ from the power law equation of the 10×20 FL-0,5 specimens.  
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The power law equation fitted to the data in Fig. 4 is derived by using all of the data exceeding the exclusion line 
of 0,15 mm. In Fig. 4 the power law solution for the 10×20 SE(B) specimens with crack at the fusion line and in the 
HAZ are plotted for comparison. The results of the 10×10 FL+0,5 specimens are closer to the power law equation of 
10×20 specimens with the crack at the fusion line (FL).  
In table 4 location specific tearing resistance parameters are given for the 10×10 specimens. Tearing resistance at 
1 mm (J1mm) (1390 kJ/m2) is highest for specimens with crack location FL-0,5. The second highest toughness is 
measured for location FL (1227 kJ/m2). Lowest toughness is measured for location FL+0,5 (671 kJ/m2). 
 
 
Fig. 4.The initial crack of the specimens is prepared into the HAZ. 
     Table 4. Parameters for the power law equations of 10×20 SE(B) specimens with varying crack location. 
Material Crack location; J = M×σY×Δa J = J1mm×Δam                           
  Specimen ID M J1mm [kJ/m2] m 
JQ 
[kJ/m2] 
18MND5/ Alloy 52  Fusion line;                
10×10 SE(B) FL  
6 1227 0,542 772 
Alloy 52 NIZ 0,5 mm from fusion line; 
10×10 SE(B) FL-0,5 
7 1390 0,730 685 
18MND5 HAZ 0,5 mm from fusion line; 
10×10 SE(B) FL+0,5  
6 671 0,443 408 
 
4. Discussion 
The J-R curves of the 10×20 SE(B) specimens are continuously increasing tearing resistance curves with ductile 
tearing. The power law equation gives a good fit to measured J-R curves. The J-R curves of 10×10 SE(B) specimens 
with location FL+0,5 are also continuously increasing. For the two other locations the J-R curves characterise 
fracture initiation.  
The measured J-R curves are dependent on location of the crack. For 10×20 SE(B) specimens fracture tearing 
resistance and initiation toughness is lowest at the fusion line (FL) with a JQ of 349 kJ/m2 (J1mm is 654  kJ/m2). The 
initiation toughness, JQ, is twice as high in HAZ (FL+0,5) (JQ 706 kJ/m2 and J1mm is 951 kJ/m2), even though after 
initiation the tearing resistance approaches gradually the tearing resistance of specimens with cracks in location FL. 
The highest tearing resistance is in weld metal (FL-0,5) and JQ is 1067 kJ/m2 (J1mm is 1519 kJ/m2).  
For 10ൈ10 SE(B) specimens, tearing resistance at 1 mm is also highest for specimens with cracks in FL-0,5 (J1mm 
is 1390 kJ/m2). The tearing resistance of other locations for 10×10 SE(B) specimens differ from J-R curves of the 
10ൈ20 SE(B) specimens. The second highest toughness is measured for specimens with cracks in location FL (J1mm 
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is 1227 kJ/m2) and lowest toughness is measured in FL+0,5 (J1mm is 671 kJ/m2). With 10ൈ20 SE(B) specimens the 
lowest tearing resistance is measured at the fusion line (FL).  
A possible reason for the difference in tearing resistance of 10×10 and 10×20 SE(B) specimens is that the 
nominal location does not agree with the actual location of the crack. Fig. 3 (a) indicates that the10×10 SE(B) 
specimens with nominal crack at the fusion line (FL) have a power law equation that is closer to the 10×20 SE(B) 
specimens with nominal crack in the weld (FL-0,5). For 10×10 FL specimens visual inspection of the fracture 
surfaces of the specimens revealed that fracture has actually occurred in the weld and not along the fusion line or in 
HAZ. In 10×20 FL specimens the crack progresses in the HAZ. This difference in the fracture propagation zone can 
explain the difference between the results measured for 10×10 and 10×20 SE(B) specimens with the nominal crack 
at the fusion line (FL) (Fig. 3(a)). The actual propagation zone can in this case be detected by investigating the 
oxidised fracture surface. The weld metal Alloy 52 has different appearance after heat tinting compared to ferritic 
steel.  
Also for the two other locations, FL+0.5 and FL-0,5, varying crack initiation zone can be used to describe 
differences in the results. In the interface region of DMWs there are narrow microstructural zones with varying 
mechanical properties. If the fracture occurs in an adjacent zone, then the resulting J-R curve can vary. As an 
example, Fig. 4 shows that the 10×10 specimens with cracks in location FL+0,5 actually have a tearing resistance 
that is similar to the tearing resistance of the 10×20 SE(B) specimens with the nominal crack in FL. This similarity 
implies that crack propagation location is possibly closer to the fusion line (FL) than location FL+0,5.  
Another difference in the measured J-R curves of the two specimen geometries is the scatter in J-R curves at each 
location. The scatter in the J-R curves of the 10×20 specimens is small for specimens with the crack nominally in 
the same location. Values close to the exclusion line of 0,2 mm deviate with less than 10 % from the average. The 
10×10 SE(B) curves have a larger scatter than the 10×20 curves. Values close to the exclusion line of 0,2 mm can 
deviate with more than 30 % from the average. A reason for this difference in scatter can also be caused by 
variations in crack propagation zone. 
In contrast to the previous, another explanation to the difference in scatter and tearing resistance between the two 
specimen geometries is given by the specimen geometry that can affect the shape of the J-R curves. The 10×10 
SE(B) have a shorter ligament than the 10×20 specimens. The absolute ligament length controls the specimens 
measuring capacity. A violation of specimens measuring capacity can decrease the tearing resistance. Additionally, 
the J-R curve can also be affected if the growing crack approaches a free boundary in the structure. In 10×10 SE(B) 
specimens the effects of the free boundary on the tearing resistance is experienced in an earlier stage. However, even 
if the J-R curves may be influenced by the geometry of the specimen, initiation toughness is not as sensitive to 
geometry. Thus the initiation toughness values can be used for comparison of two geometries with a smaller 
uncertainty than by direct comparison of the J-R curves. (Anderson 2005, Wallin 2011) 
Finally, the benefits of 10×10 SE(B) specimens are discussed. DMWs interface regions are highly heterogeneous 
with different material zones and different mechanical properties. For complete fracture mechanical characterization 
of the numerus zones and characterization of the weakest zone in the interface region 10x10 specimens are better 
than 10×20 specimens, due to smaller material consumption. Secondly, SE(B) specimens of smaller size may 
capture the local inhomogeneous regions more effectively than large specimens, thus being more accurate for 
characterization of the narrow microstructural zones in DMWs. However, for reliable use of 10×10 specimens the 
differences compared to tearing resistance curves of 10×20 specimens need to be solved. The difference can be 
caused by varying crack location that was qualitatively assessed. Work is in progress to quantify the effect of actual 
initiation location on the J-R curves of 10×10 and 10×20 SE(B) specimens. 
5. Conclusions 
To enhance the knowledge of fracture in heterogeneous materials tearing resistance of 10ൈ10ൈ ͷͷ mm3 and 
10ൈ20ൈ ͳͲͲ mm3 single edge bend (SE(B)) specimens extracted from a DMW were determined. The tearing was 
measured at three different locations in the interface region of ferritic 18MND5 and Alloy 52 weld metal of the 
DMW. The tearing resistance was measured in HAZ of ferritic 18MND5 (FL+0,5), at fusion line of 18MND5 and 
Alloy 52 (FL), and in a NIZ of Alloy 52 weld metal (FL-0,5). For specimens with cracks in locations FL+0,5 and 
FL-0,5 the nominal distance between the initial crack and fusion line is 0,5 mm. However, the actual crack location 
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The power law equation fitted to the data in Fig. 4 is derived by using all of the data exceeding the exclusion line 
of 0,15 mm. In Fig. 4 the power law solution for the 10×20 SE(B) specimens with crack at the fusion line and in the 
HAZ are plotted for comparison. The results of the 10×10 FL+0,5 specimens are closer to the power law equation of 
10×20 specimens with the crack at the fusion line (FL).  
In table 4 location specific tearing resistance parameters are given for the 10×10 specimens. Tearing resistance at 
1 mm (J1mm) (1390 kJ/m2) is highest for specimens with crack location FL-0,5. The second highest toughness is 
measured for location FL (1227 kJ/m2). Lowest toughness is measured for location FL+0,5 (671 kJ/m2). 
 
 
Fig. 4.The initial crack of the specimens is prepared into the HAZ. 
     Table 4. Parameters for the power law equations of 10×20 SE(B) specimens with varying crack location. 
Material Crack location; J = M×σY×Δa J = J1mm×Δam                           
  Specimen ID M J1mm [kJ/m2] m 
JQ 
[kJ/m2] 
18MND5/ Alloy 52  Fusion line;                
10×10 SE(B) FL  
6 1227 0,542 772 
Alloy 52 NIZ 0,5 mm from fusion line; 
10×10 SE(B) FL-0,5 
7 1390 0,730 685 
18MND5 HAZ 0,5 mm from fusion line; 
10×10 SE(B) FL+0,5  
6 671 0,443 408 
 
4. Discussion 
The J-R curves of the 10×20 SE(B) specimens are continuously increasing tearing resistance curves with ductile 
tearing. The power law equation gives a good fit to measured J-R curves. The J-R curves of 10×10 SE(B) specimens 
with location FL+0,5 are also continuously increasing. For the two other locations the J-R curves characterise 
fracture initiation.  
The measured J-R curves are dependent on location of the crack. For 10×20 SE(B) specimens fracture tearing 
resistance and initiation toughness is lowest at the fusion line (FL) with a JQ of 349 kJ/m2 (J1mm is 654  kJ/m2). The 
initiation toughness, JQ, is twice as high in HAZ (FL+0,5) (JQ 706 kJ/m2 and J1mm is 951 kJ/m2), even though after 
initiation the tearing resistance approaches gradually the tearing resistance of specimens with cracks in location FL. 
The highest tearing resistance is in weld metal (FL-0,5) and JQ is 1067 kJ/m2 (J1mm is 1519 kJ/m2).  
For 10ൈ10 SE(B) specimens, tearing resistance at 1 mm is also highest for specimens with cracks in FL-0,5 (J1mm 
is 1390 kJ/m2). The tearing resistance of other locations for 10×10 SE(B) specimens differ from J-R curves of the 
10ൈ20 SE(B) specimens. The second highest toughness is measured for specimens with cracks in location FL (J1mm 
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is 1227 kJ/m2) and lowest toughness is measured in FL+0,5 (J1mm is 671 kJ/m2). With 10ൈ20 SE(B) specimens the 
lowest tearing resistance is measured at the fusion line (FL).  
A possible reason for the difference in tearing resistance of 10×10 and 10×20 SE(B) specimens is that the 
nominal location does not agree with the actual location of the crack. Fig. 3 (a) indicates that the10×10 SE(B) 
specimens with nominal crack at the fusion line (FL) have a power law equation that is closer to the 10×20 SE(B) 
specimens with nominal crack in the weld (FL-0,5). For 10×10 FL specimens visual inspection of the fracture 
surfaces of the specimens revealed that fracture has actually occurred in the weld and not along the fusion line or in 
HAZ. In 10×20 FL specimens the crack progresses in the HAZ. This difference in the fracture propagation zone can 
explain the difference between the results measured for 10×10 and 10×20 SE(B) specimens with the nominal crack 
at the fusion line (FL) (Fig. 3(a)). The actual propagation zone can in this case be detected by investigating the 
oxidised fracture surface. The weld metal Alloy 52 has different appearance after heat tinting compared to ferritic 
steel.  
Also for the two other locations, FL+0.5 and FL-0,5, varying crack initiation zone can be used to describe 
differences in the results. In the interface region of DMWs there are narrow microstructural zones with varying 
mechanical properties. If the fracture occurs in an adjacent zone, then the resulting J-R curve can vary. As an 
example, Fig. 4 shows that the 10×10 specimens with cracks in location FL+0,5 actually have a tearing resistance 
that is similar to the tearing resistance of the 10×20 SE(B) specimens with the nominal crack in FL. This similarity 
implies that crack propagation location is possibly closer to the fusion line (FL) than location FL+0,5.  
Another difference in the measured J-R curves of the two specimen geometries is the scatter in J-R curves at each 
location. The scatter in the J-R curves of the 10×20 specimens is small for specimens with the crack nominally in 
the same location. Values close to the exclusion line of 0,2 mm deviate with less than 10 % from the average. The 
10×10 SE(B) curves have a larger scatter than the 10×20 curves. Values close to the exclusion line of 0,2 mm can 
deviate with more than 30 % from the average. A reason for this difference in scatter can also be caused by 
variations in crack propagation zone. 
In contrast to the previous, another explanation to the difference in scatter and tearing resistance between the two 
specimen geometries is given by the specimen geometry that can affect the shape of the J-R curves. The 10×10 
SE(B) have a shorter ligament than the 10×20 specimens. The absolute ligament length controls the specimens 
measuring capacity. A violation of specimens measuring capacity can decrease the tearing resistance. Additionally, 
the J-R curve can also be affected if the growing crack approaches a free boundary in the structure. In 10×10 SE(B) 
specimens the effects of the free boundary on the tearing resistance is experienced in an earlier stage. However, even 
if the J-R curves may be influenced by the geometry of the specimen, initiation toughness is not as sensitive to 
geometry. Thus the initiation toughness values can be used for comparison of two geometries with a smaller 
uncertainty than by direct comparison of the J-R curves. (Anderson 2005, Wallin 2011) 
Finally, the benefits of 10×10 SE(B) specimens are discussed. DMWs interface regions are highly heterogeneous 
with different material zones and different mechanical properties. For complete fracture mechanical characterization 
of the numerus zones and characterization of the weakest zone in the interface region 10x10 specimens are better 
than 10×20 specimens, due to smaller material consumption. Secondly, SE(B) specimens of smaller size may 
capture the local inhomogeneous regions more effectively than large specimens, thus being more accurate for 
characterization of the narrow microstructural zones in DMWs. However, for reliable use of 10×10 specimens the 
differences compared to tearing resistance curves of 10×20 specimens need to be solved. The difference can be 
caused by varying crack location that was qualitatively assessed. Work is in progress to quantify the effect of actual 
initiation location on the J-R curves of 10×10 and 10×20 SE(B) specimens. 
5. Conclusions 
To enhance the knowledge of fracture in heterogeneous materials tearing resistance of 10ൈ10ൈ ͷͷ mm3 and 
10ൈ20ൈ ͳͲͲ mm3 single edge bend (SE(B)) specimens extracted from a DMW were determined. The tearing was 
measured at three different locations in the interface region of ferritic 18MND5 and Alloy 52 weld metal of the 
DMW. The tearing resistance was measured in HAZ of ferritic 18MND5 (FL+0,5), at fusion line of 18MND5 and 
Alloy 52 (FL), and in a NIZ of Alloy 52 weld metal (FL-0,5). For specimens with cracks in locations FL+0,5 and 
FL-0,5 the nominal distance between the initial crack and fusion line is 0,5 mm. However, the actual crack location 
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can vary from the nominal location, due to uncertainties in manufacturing of the initial crack. The test specimens 
were extracted so that the initial crack was parallel to the fusion line.  
The tearing resistance measured with 10×20 SE(B) specimens is highest in location FL-0,5, second highest in 
location FL+0,5 and lowest in FL. However, the measured J-R curves of 10×10 and 10×20 SE(B) differs from each 
other. For 10×10 specimens lowest tearing resistance was measured in location FL+0,5. 
 As the J-R curves of the two geometries are compared for specimens with crack nominally in same location the 
toughness and scatter in the J-R curves is different. One reason for these differences is that the actual crack location 
differs from the nominal crack location. Investigations of the specimens with crack in location FL revealed that, if 
the crack initiates actually on the weld metal side, then the tearing resistance is higher than for specimens with 
fracture initiation in HAZ close to the fusion line.  
The results of 10×10 specimens with nominal crack locations FL+0,5 and FL-0,5 imply also that the tearing 
resistance is affected by the actual crack location. Firstly, the tearing resistance curves of 10×10 SE(B) FL+0,5 
specimens correlate better with the tearing resistant curves of 10×20 SE(B) specimens with crack location FL. 
Secondly, the tearing resistance curves of 10×10 SE(B) FL-0,5 specimens  have a larger scatter than 10×20 SE(B) 
FL-0,5 specimens, which can be caused by varying crack location. 
Analyses of the effect of crack location on tearing resistance was based on a qualitative assessment, but 
quantitative analyses are required to verify the effect of crack location. Work is in progress to quantify the effect of 
actual crack location on tearing resistance of 10×10 and 10×20 SE(B) specimens. However, the results show that 
crack location in the heterogeneous interface of DMWs has a big impact on tearing resistance. Thus, a standard 
developed for heterogeneous materials shall contain guidelines on microstructural characterisation of the fracture 
initiation location.  
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